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Human brain mechanisms for processing of facial color
ABSTRACT
Facial color is varied with the person?s mental or physical condition. Thus, facial color pro-
vides useful clues for estimation of mental or physical condition of another person. Changizi
et al. (2006) have claimed that color vision in primates was selected for discriminating skin
color modulations, presumably for the purpose of discriminating emotional states, socio-
sexual signals, and threat displays. Therefore, color information on the face is important in
the standpoint of development. Moreover, facial skin color is related to the perception of age,
sex, health condition, and attractiveness of the face. Thus, facial color is important facial
information to facilitate social communication. With the development of neuroimaging tech-
niques, many cognitive neuroscience studies about the face processing in the human brain
have been conducted. In event-related potential (ERP) studies, the N170 componenta neg-
ative ERP component recorded between 140 and 200 ms from stimulus onset, with a peak
around 170 ms at the occipito-temporal sitesclearly distinguishes faces from other objects.
Functional MRI (fMRI) studies have demonstrated that some brain area such as the fusiform
face area (FFA) and the occipital face area (OFA) are related to face processing. In this way,
the mechanisms of face processing have been steadily unveiling. However, there are few
studies focusing on the facial color. The thesis aims to investigate the mechanisms of facial
color processing in the human brain through a multiple approach such as psychophysical and
neuroimaging studies.
First, the thesis discusses the effect of facial color by comparing the strength of memory
color between face with other objects. The unnaturalness-related ERP component (P3) was
enhanced for the atypical-colored face (blue face) different from its memory color (flesh
color), suggesting that the human is sensitive to the color difference on the faces. In the
next step, the study investigated facial color effect for face-selective ERP component such as
N170 and VPP (vertex positive potential). In the result, face-selective N170 observed at the
left occipito-temporal site was modulated by facial color. Moreover, the study attempted to
identify brain area involving processing of facial color using fMRI. In the result, the left FFA
showed selectivity for facial color. These results suggest that the facial color is processed at
around 170 ms after seeing the face, and in the left FFA. In this way, this thesis succeeded to
identify when and where facial color is processed in the brain.
Moreover, the thesis discusses facial color effect on the perception of facial expression.
Because facial color is especially sufficiently suggestive of emotional states as in the phrases:
?flushed with anger? and?pale with fear?. Previous ERP studies have shown that fearful
faces are processed even in the absence of conscious awareness to shirk looming threat or
danger rapidly. Against the backdrop, this study investigated the effects of facial color on the
supraliminal and subliminal processing of fearful faces in the ERP experiment. In the result,
facial color influenced subliminal processing of facial expression: automatic processing of
fearful expressions was suppressed by the bluish color. The result suggests that the facial
color is related to the drive of unconscious processing of the fearful expression. In addition,
the psychological study investigated between facial color and expression on face perception.
As a result, the experiment demonstrated that perception of facial expression is clearly influ-
enced by facial color. For example, reddish faces were perceived as more anger. In contrast,
perception of facial color is slightly affected by facial expression: sad faces were perceived
as more bluish color. These results suggest interactive relationship between facial color and
expression. The study provided unequivocal psychophysical evidence for facial color effect
on the perception of facial expression.
This study marks an essential first step toward to reveal the mechanisms of facial color
processing in the human brain. We identified timing and areas associated with facial color
processing in the brain. In addition, we provided neural and psychophysical evidence for fa-
cial color effect on the perception of facial expression. In the future, the findings of the study
might be of use to smoother person-to-person communication or even person-to-computer
communication.
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[62]??????????????????????????????????????
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??????????? 5:8  7:5 ??????????????????????
??????????????????????????????VSG2/5?Cambridge
Research System, Rochester, UK??????????CRT ???????TOTOKU?
CV921X???? 800 600pixel Frame Rate100 Hz?????????????????
????????
4.2.3 ??????
???? 8??????????????????????????????????
??80????????????????????????????????????
?? 1?3????????????????? 500ms???????????????
????ISI?inter stimulus interval?? 1100-1500ms????????? 4.2??????
????????????????????????????????????????
? 10???????8???????????????? 100???????????
????????????????????????????????????????
4.2 ???? 35
???? ??? ????
???
????
????
????
????
???
????
????
u’
v
’
??????
????????????????
?????????????????
??u’, v’????????????? ??????
??????????
???????
-135?
-90?
135?
-45?
0?
180?
90?
45?
? ?
? 4.1 ??????????????
A?????????????? 0? ?????? 90? ????????? B????????
?? 8????????
??????????
?????????????? 64???? 4.3?? Geodesic EEG System 300???
??????? 20,000Hz???????Electrical Geodesics, Inc??????????
?????? 200 Hz??????????????????????????????
????????? KCl???????????? 50 k???????
????????????EEGLAB[87]???????????????????1-30
Hz??????????????????????????????????????
???????????????????-100 ms?? 800 ms???????????
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?? 3???29, T5, 32??????? N170????????????????????
??????43, T6, 47??? N170????????????????????
VPP
VPP?????????????? 135; 90; 45; 0; 45; 90; 135; 180???????
1 ???????????????????????????? [F (7; 91) = 1:927; p <
0:074]?????????????????????????? [F (2:364; 30:728) =
1:945; p = 0:154]?
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? 4.5 N170? VPP?????????
A????? 3 ???29,T5,32???? N170 ???????????????B????? 3 ??
?43,T6,47???? N170???????????????C??????Cz?? VPP???????
?????????? 180 ?  180 ???????????????????????????
???????????????????????
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4.3.2 ????? N170?????????
?????????? N170??????????????????????????
??????????????? 4.6???????????????????????
?????????? Cs????????????????????? Ci ?????
????????????????????????????????????????
????????????? = Cs Ci / cos ??????????N170?????
???????????????????????????? N170?? N170()??
N170() = A

1
2
(1 + cos )
n
+B (4.1)
????????????????????????? 0 ????????? ??
???????????????? 4.6????????????????? n? 1??
????N170?????????????????????????????????
????????
N170? VPP?????? (? 4.5???)????????????????????
????????????????????????????????????? 4.1?
????????????????  45 ? N170?? (? 4.5 A?)??? 45 ? VPP
?? (? 4.5 C?)????????????????????????????????
???????????
????????????????C
s
??????????????C
i
?
u’
v’
? ???? ?? ????  
? 4.6 N170?????????
? 4.1?????????????????????????????????Cs ???????
??????????????Ci ? u0v0 ????????????
42 ? 4? ???????? N170??????????
? 4.1 N170???????????????
N170? VPP??????????? 4.1????????????? (????????????
??????????????)??????????n? 1?????????????????
???????????????????????????
N170 VPP
????? Left?29,T5,32? Right?43,T6,47? ?Cz?
A 0.9409 0.3171 -0.6128
B -4.687 -4.7466 2.7754
n 0.8295 1.8736 0.777
4.3.3 ????????
?????????????????????????????? 1???????
0.5???? 0?????????????????????????????????
4.7????
???????????????????????????????????
????? [F (3:14; 43:96) = 130:72; p < 0:001]??????????? 0; 45
???  135; 90; 45; 90; 145; 180 ????????????? 45; 90 ??
?  135; 90; 145; 180 ?????????????  135; 90; 135; 180 ???
 90; 45; 0; 45 ??????????? [????p < 0:05]????????????
?????????????????
???????????????????????????????????
????? [F (2:41; 33:71) = 8:17; p < 0:001]??????????? 180 ?
??  135; 90; 45; 0; 45; 90 ?????????????? 90; 135 ???
 90; 45; 0; 45 ??????????????  135 ???  45; 45 ???????
???? [????p < 0:05]????????????????????????????
4.3.4 ????????????
??????????????????????????????????????
???????????????????????????????????????
N170??????????????? [r = 0:89; p < 0:005]?VPP?????????
??????????? [r = 0:59; p < 0:122]???????????????????
???? N170????????????? [r = 0:69; p = 0:056]?VPP???????
????????????? [r = 0:53; p = 0:176]?
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? 4.7 ?????????
??  180 ???  180 ?????????????????????????????
???????????????? N170????????????SDT??????
???????????N170??????? 2??????????????????
?????????????UI?Unnatural Index?????????????????
UI =
Z 
0
1p
2
exp

  (N170()  )
2
22

d (4.2)
????N170()???  ???????? N170????????????????
?????? N170??????????????? VPP?????????????
?????????????? 4.2???????????????????
4.3.5 ?????????????
??? 2??????? 4.1?4.2?????????????? ERP????????
????????????????????????? 4.8??????????? 4.1
????? 4.1 ??????????? 180?180 ?????? ERP ???????
? 4.2 ?????????????????
????? N170? VPP??????????? 4.2???????????? (????????
??????????????????)??????????
????? N170?Left: 29,T5,32? VPP?Cz?
 -4.0114 2.3647
 0.2172 0.037
44 ? 4? ???????? N170??????????
? ERP ???? 4.2 ???????????? 4.2 ????????????????
???VPP?????????????????? N170??????????????
?????????????????????? 4.8??
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?
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??????????θ????
??? ???? ??? ??? ? ?? ?? ??? ???
?????????????
N 170????
V P P????
? 4.8 N170?????????????????????????????
? 4.1?4.2? 2??????????????????????????????????????
????????? N170??????????????????????? VPP???????
?????????????
4.4 ??
?????????????????????????????????????
?N170? VPP??????????????????????????????????
????????? 8 ?????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????
??????????????????????????????? 170ms?????
??????????N170????????????????VPP??????? 4.4???
????????????????????????????????????? N170
? VPP?????????????????????????????? N170???
?????????????????????????N170?????? 0 ?????
????????????????????? N170??????????? 180 ??
?????????????????????????? 0 ????????????
???????? 180(=  180) ?????????????????????????
????????????? N170 ?????????? Minami ? [71] ??????
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???
???? N170??????????? 0 ????????? 180 ????????
????????????????????????????????????????
? N170?????????? r = 0:69; p = 0:056?????? N170????????
? 0 ?????????????????????????????????????
??? 0 ???????? 180(=  180) ????????????????????
?????????????????????????????? N170???????
??????????????????????????????????? N170??
????????????????????????????????????????
????????????????????????????????????????
????????????????? N170????????????????????
????????????????? N170????????????????????
????????????????????????????????????????
?????????????????????????? N170???????????
???????????????????????????
???????????????? N170 ?????? 0 ???????????
???????????????????????????????????????
N170 ?????????????????????????????????? N170
???????????????????????????????N170??????
????????????????????????????????????????
??????????????????????????????? N170??????
?????????????????????????????????????????
??????????????????????????????????? N170??
??????????????????????????? [90]???????????
????????????????????????????????????????
N170?????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????? N170?????????????????????????
?????????????????????????????? N170???????
????????????????????????????????????????
?????? [70] ???????????????? N170 ????????????
????????????????????????????????????? N170
?????????????????????????????? N170???????
???????????????????????????????????????
46 ? 4? ???????? N170??????????
???????????????? N170??????????????? N170??
?????????N170????????????????????????????
???????????????????????? N170?????? [37, 54]???
????????????????????????????????????????
????????????????????????????????????????
????????? [91, 92]?????Proverbio??????????????????
???????? [81]?????????????????????????????
???????????????????????? MRI?????????????
????????????????????????????????????????
???????????????? [93]??????????????????????
???????????????????
????????????????????????? N170???????????
????? [70, 94]???????????????????????????????
?????? N170???????????????????????????????
??????????????? N170?????????N170??????????
??????????? [37, 45]?????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????
4.5 ?????
?????N170?????????????????????N170????????
??????????????????????????????N170???????
????????????????????????? N170????????????
????????????????????????????????????
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fMRI?????
5.1 ????
4??????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????? [10, 11]??????????????????
?????????FFA: fusiform face area?[12]????????????????OFA:
occipital face area?[13]??????STS: superior temporal sulcus?[14, 15]? 3????
????????????????????????????????????????
?????????????? [10]?FFA?????????????????????
STS?????????????????????????OFA??????????
??????FFA? STS??????????
4???????????????????????????????????????
?????????????????????????? fMRI???????????
????????????????????????????????????????
????????????????????????????? fMRI????????
?????????????
48 ? 5? ???????????? fMRI?????
5.2 ????
5.2.1 ???
????? 25???? 5???? 25.24????????????????????
?????????????????????Edinburgh handedness inventory?Oldfield,
1971???? 23??????3?????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????
5.2.2 ????
??? 2??????????2?????????????? 4????????
???? 5.1A??????????????????????????????????
????????????????????????????20????? 10????
????????????????????????????????????????
????????????????????????????????????????
?????????????????/??????????????????????
? [95, 96]???????????????????????????????????
?????/??????????????????????80??4???? 20??
?????????????????????? 1?????????????????
????????????????????????????????????????
???
????????? RMS???????????????????????????
??????????????? 158  205 pixels???? 2:9  3:8????????
?????????????????????
5.2.3 ?????
1?????? 200??????????????????????5???????
????????????????????????????????????????
?????????? 40????????????? 1500ms????????ISI??
1500ms?????? 5.1B????????????????????????????
5.2 ???? 49
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Color
Form
Stimulus StimulusFP FP Dummy target
time1500ms 1500ms
A
B
? 5.1 ??????????
A?2????????????2???????????????????????B??????
???? 200??????/???????/????????: ? 20?;????: 26?31????
????????????????????????? 1500ms????????????????
??????????????????????????
???????????????????????????????????????
??????????????????????????????? 4 ???????
?????????????????????????????????? [97]???
??????????????????????????????Presentation-Software
(Neurobehavioral Systems; https://nbs.neuro-bs.com)?????
5.2.4 fMRI????????
?????????
3???MR?????Allegra; Siemens, Erlangen, Germany????????????
???????????? 10??200?????????? 4????????????
50 ? 5? ???????????? fMRI?????
??????repetition time (TR), 3000 ms; echo time (TE), 30 ms; 21 flip angle, 83; field
of view, 192 mm; slice thickness, 3 mm; 6464 matrix; voxel dimensions, 3.03.03.0 mm;
number of slices, 45??????????MP-RAGE?magnetization prepared rapid acquisi-
tion with gradient echo??????????????? T1 ?? 3 ?????????
?TR, ? 2500 ms; TE, ? 4.38 ms; flip angle, 8; field of view, 256 mm; slice thickness, 1
mm; voxel dimensions, 1.01.01.0 mm??
???
fMRI??????????????MATLAB 2011b?? SPM8 version 4290?Well-
come Department of Imaging Neuroscience, London,?UK, http://www.fil.ion.ucl.ac.uk/spm?
?????????????????????????Realignment??????????
?????????????Slice timing correction?????????????????
??????? 1??? EPI??????????????Coregister?????????
???????????????? Montral Neurological Institute? T1???????
????????Normalize?????? EPI????????????????????
?? 8mm???????????????????????Smoothing??
ROI??
ROI?reagion of interest?????????????????? ROI????????
???????????????? vs. ?????????; p < 10 3, uncorrected??
???????????????????????????????????????
??????????????? 10mm????????MarsBaR toolbox version 0.43
?http://marsbar.sourceforge.net/???????????? ROI????????????
???? ROI?????????????????????? vs. ?????????;
p < 0:05, uncorrected????????????????? 10mm ?????????
ROI???????????? ROI???????????????? ROI?????
?????????ROI???????? ROI??????
ROI ???????MarsBaR toolbox ????? ROI ? Percent signal change ???
????????????????????????????? ROI ? Percent signal
change???????????????????????????????????? 2
????????????????????????? SPSS?IBM, Armonk, NY, USA?
?????
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5.3 ??
???????????????????????????? FFA? OFA?????
??? 5.3?? 5.2??? FFA? 23???????????? FFA? 22??? OFA?
23??? OFA? 21????????????STS????????????????
?p < 0:05, uncorrected??????????? STS????????????????
???????12/25??????? STS??????????? STS???????
????????????p < 0:05, uncorrected??????????? STS? ROI??
?????????????????????????????????
????????????????? FFA ? OFA ? 4 ?? ROI ?????percent
signal change ????? 5.3??ROI ???????2 ??????????????
?????????? ROI ???????????? > ?????????????
? 5.1 ???????????????MNI??
????????? vs. ??????????????????????????????????
??????????? ROI??????
Brain area MNI coordinates Cluster size (mm3) t max
x y z
Left Fusiform Gyrus (left FFA) -44 -56 -20 768 6.6
Right Fusiform Gyrus (right FFA) 44 -54 -20 728 5.87
Right Inferior Occipital Gyrus (right OFA) 42 -72 -12 144 5.27
Left Inferior Occipital Gyrus (left OFA) -42 -74 -14 88 5.07
? ? ? ? ? ? ? ? ? ? ? ? ?
??????? ??????? ??????? ??????? ???????
??? ???
?????? ???
t value
? 5.2 ??????????????
????????? vs. ?????????; p < 10 3, uncorrected??????????????
?????? FFA????? OFA????
52 ? 5? ???????????? fMRI?????
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? 5.3 ?? FFA?OFA?? ROI????
?? FFA??? OFA?????????? Percent signal change???????????????*
??????????????p < 0:05????????????????????? FFA???
???????????????????????????????????
[right FFA: F (1; 24) = 98:876; p < 10 4; left FFA: F (1; 24) = 74:035; p < 10 4; right
OFA: F (1; 24) = 80:705; p < 10 4; left OFA: F (1; 24) = 55:701; p < 10 4]????
FFA ??????????????? > ????????? [right FFA: F (1; 24) =
5:543; p < 0:05; left FFA: F (1; 24) = 14:868; p < 0:001]???? OFA ??????
??????????????? [right OFA: F (1; 24) = 1:749; p > 0:1; left OFA:
F (1; 24) = 4:164; p > 0:05]?????????????????????? FFA???
?????? [F (1; 24) = 5:577; p < 0:05]?????????????????????
????????????????????????????? [?: p < 0:05;????
??: p > 0:4]?? FFA????? OFA?????????????????????
??? [right FFA: F (1; 24) = 2:133; p > 0:1; right OFA: F (1; 24) = 0:063; p > 0:8; left
OFA: F (1; 24) = 0:193; p > 0:6]?
5.4 ??
???? fMRI?????????????????FFA? OFA??????????
?????????????????????????? FFA???????????
????????????????????? OFA????????????????
????????????????????? FFA?????????????? FFA
?????????????????????????????? FFA???????
5.4 ?? 53
???????????????? FFA?????????????????????
????????????
4???????????????????????? N170???????????
?????????????? N170??????????ERP???????????
??????N170???????????????????????? [55, 54]???
??ERP-fMRI????????????? [98]??FFA? STS??????????
??? N170 ??????????????????????????OFA ?????
N170?????????????? 110ms???? ERP?????????????
????????????4??? fMRI??? ERP-fMRI?????????????
?????????????????????????? N170???????????
???? FFA???????????????????????
??????????? FFA???? FFA???????????????????
?????????????? FFA???????????????????????
???????????????????? FFA???????????????? FFA
????????????? [99, 100]???????????????????????
???? FFA?????????????????? FFA????? [101]?????
??????? FFA??????????????????????????????
???????????????????????? [102]?????????????
????????????????????????????????????????
? [12, 103]?Yovel???????????????????????????????
????????????????????????????????????????
? [104]????????????????????????????????????
????????????????????????????????????????
?????????????????? FFA???????????????????
???????????????????? FFA?????????????????
??????????????????????????????????
??????FFA???????????????????OFA?????????
????Jiang? [93]????????????????FFA? OFA?????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????? FFA? OFA??
???????????? [105]??? OFA????????????????????
?????????????????????????????????????? FFA
????????????????????????????????????????
?????????????????? [106]???????????????????
54 ? 5? ???????????? fMRI?????
?????????????????? [107]???????????????????
?????????????? FFA?????? OFA???????????????
???????????????????????
???????????????????????????????????????
?????????? [108, 109]?????????????????????????
?????????????? [108]???????????????????????
????????????????????????????????????????
???? [109]?????????????????????????????????
????????????????? [110, 18]????????????????????
????????????????????????????????????????
?????????????????????? FFA???????????????
???????????????????????????? FFA ?????????
????????????????????????????????????????
???????????
5.5 ?????
?????????????????????????????????/??????
?/?????????????????? fMRI?????????????? FFA?
????????????????????????????????????????
?? FFA?????????????
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????????
6.1 ????
3, 4?????????????????????????????????????
???????????????????????FFA???????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????
2 ??????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????? [69, 111, 112]?????????????????????
??????????????????????????????????????
????????????????????????????????????????
????????????????????????????????? [61, 113, 114]?
????????????????????????????????????????
????????????????????????????????????????
???????????????????? [115, 114]?Jiang ???????????
??????????????? [114]??????????????????????
????????????????????????????????????????
?????????????? [63, 64, 65, 116]?Liddell ? [63] ??????????
???????????????????? N2??????????????????
56 ? 6? ??/??????????????????
Kiss?? [64]????????????????? 140?180ms??????????
??????????Pegna? [65]??????? N170????????????
???????????????????????????????????????
???? [117]?????????????????????????????????
??????????????????????? [118]??????????????
????????????????????????????????????????
????????????????????/????????????????????
??????????????????? 4????????????????????
??????
6.2 ????
6.2.1 ???
?? 15???? 4?????? 24.2??????????????????????
????????????????????????????????????????
15???? 1?????????????????????????????????
????????????????????????????????????????
????????????????
6.2.2 ????
???????????????????????????????????????
4?????????? 6.1???????????????????????????
????????????????????????????????????????
???????? 20??????????????????????????????
??????????????
1. ?????????
????????3D?????????FaceGen, Singular Inversions Inc.????
???????? SE Asian????????????????????????
?????????20????????????????????? 20????
????????????????Expression:fear???????1.00?????
????????????????????
2. ??????
1??????????PhotoShop?????????????8bit??????
6.2 ???? 57
??????? ???????
???
???
???
???
?
? 6.1 ?????
?????????????????????????? 4??????????????? 1??
???????????????? 20??????????
???
3. ??????
????????????????????28:64cd=m2????????????
??? RMS???????????????? RMS?????????5.67??
?????
4. ????????
??????????? u0v0 ??????????????180 ???????
?????????????????
?????????????????????? 50???????????????
??????20?????????????? 6.2??????????????????
???????????????????? [64]??????????????????
????????????
?????????? 4????????????? 80??4???? 20????
????? 20 ???????????????????????? 6:6  9:2 ????
???????????R=G=B=128?????????? VSG2/5?Cambridge Research
System?????????????? CRT????CV921X?TOTOKU????? 800
 600pixel?Frame Rate100Hz????????????????? 75cm???????
???????????????
58 ? 6? ??/??????????????????
?? ?
?????? ???? ??
??????????? ????? ??????
? 6.2 1?????????
?????????? 200ms??????? 10ms??????????????????????
???????150ms????????????????????????????1950ms????
?????????????????????????????????????????????
???
6.2.3 ?????
1??????????????????????????????????????
???? 6.2???????????????4????????????4???? x 20
?? = 80?????????????10ms? 200ms???????????????
????????????????????????20???????????????
??????? 150ms????????????????? 0:5 0:5????????
?????? 1950ms??????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????
1??????80????????????????????????????10ms
? 200ms????????????????????? 10?????????????
???????????
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6.2.4 ????????
??? 128??????? Cz?? Geodesic sensor net?Electrical Geodesics, Inc., USA?
[119]????????????? 500Hz?????????????????????
???????????????????? KCl???????????? 50k????
???
??????????????Cz????????????????average????
?????????????????????????? 10??1-30Hz???????
????????????????? 0ms?????????? 100ms???????
? 800ms?????????????????????? 100ms?? 0ms??????
???????????????????? 100V????????????????
?????????????????????????? 8?????????? or?
???????? or?????????????10ms or 200ms??????????
??????? 200ms???????????????????????? ERP???
?????????????? 10ms???????????????????????
??????????????????????/???????????????? ERP
????????
?????/??????????????????????5?? ERP???P1, N170,
P2, N2, P3?????????????????????????????P1, N170, P2
?????????????? 6?????????????????????????
???????N2? P3?????????N2???????P3?? 6????????
?????????????????????????N2 ? P3 ??????????
??????????????????????????????????????
?????????????????? 5?? ERP?????????????SPSS
?IBM, Armonk, NY, USA??????????????????P1, N170, P2 ????
????????????????????????????????????????
?? 3????????????N2? P3????????????????????
?? 2??????????????????????? Bonferroni??????
6.3 ??
6.3.1 ?????
?????????????? 200ms??????????????? 93.7 ???
????????????? [50 ?; t(14) = 29:8; p < 0:001]???????????
60 ? 6? ??/??????????????????
? 6.1 ??????????? [ms]
???? ????
?? ???? ???? ???? ????
??? 443.4 433.7 611.4 619.6
?? 468.6 422.1 592.7 601.2
?????????? 10ms??????????????? 50.1 ?????????
???????? [50 ?; t(14) < 1]???/???????????????????
??????????????????????????????????????
?????????????????????? d0[120] ?????????????
? d0 ????????????????????????????????????
?? [d0 = 0:01; t(14) = 0:21; p = 0:84]?????????????????????
? [d0 = 3:51; t(14) = 15:46; p < 0:001]??????????? d0 ??????? d0
???????????? [t(14) =  15:59; p < 0:001]???/??????????
????????? d0 ??????????? [??: t(14) = 1:84; p = 0:087; ??:
t(14) = 0:22; p = 0:828]?
???????????????????/???????????????? 6.1???
?????????? 2?????????????????????????????
???????? [F (1; 14) = 11:13; p < 0:01]???????????????????
??????????????????????? [p < 0:05]????????????
?????????????????????? [p < 0:05]?????????????
?????????????????? [p < 0:05]?????????????????
??????? [??: F (1; 14) = 0:3; p = 0:59; ??: F (1; 14) = 3:91; p = 0:068; ??
??: F (1; 14) = 0; p = 0:979]?
6.3.2 ?????
?????????????? ERP???P1, P2, N170, N2, P3???????/???
??????????????????????? 6.3? P1? P2?? 6.4? N170??
6.5? N2? P3?????????????????????? 6.2??????
P1
???????????????? ERP ????? P1 ?????????????
?????????????? 90?130ms???????????? [???: 58(P7), 59,
65(PO7), 66, 70(O1), 74;???: 82, 83(O2), 84, 90(PO8), 91, 96(P8)]????? 6.3??
6.3 ?? 61
3 ?????????????????????????? P1 ??????????
??????????? [F (1; 14) = 7:022; p < 0:05]?????????????? P1
??????????P1????????????????????????????
????????????
P2
???? 180?260ms???????????? [???: 58(P7), 59, 65(PO7), 66,
70(O1), 74;???: 82, 83(O2), 84, 90(PO8), 91, 96(P8)]????? 6.3??P2??????
??????3?????????????????????
????? P2 ????????????????? [F (1; 14) = 11:736; p < 0:005]?
?????????????????? P2???????????? P2??????
?????????????????????????????P2?????????
???????????????????????
????? P2????????????????? [F (1; 14) = 8:939; p < 0:01]??
??????????????????????????? P2???????????
?????? [F (1; 14) = 6:139; p < 0:05]?????????????????P2??
??????????????????????????????
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???? 130?200ms????????????? [????: 57(TP9), 58(P7), 63,
64(P9), 65(PO7), 69; ????: 89, 90(PO8), 95(P10), 96(P8), 99, 100(TP10)] ?????
6.4??N170????????????3?????????????????????
????? N170????????????????? [F (1; 14) = 6:262; p < 0:05]?
??????????????????????????? N170??????????
??????????? [F (1; 14) = 6:673; p < 0:05]????????????????
???????????????????????????/????????N170??
???????????????????????????????
????? N170 ????????????????? [F (1; 14) = 32:106; p <
0:0001]?????????????? N170????????????????? N170
?????????????????????????????? [F (1; 14) = 6:977; p <
0:05]?????????????????????????????????????
??????? [F (1; 14) = 10:1; p < 0:001]??????? N170??????????
?????????????????????? [p < 0:05]?????????????
????????????? [F (1; 14) = 6:04; p < 0:05]??????? N170????
??????????????????????????? [p < 0:0001]?
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????? N170 ?????????????? [F (1; 14) = 7:013; p < 0:05]???
???????????? N170??????????????? N170???????
???????????????????????? [F (1; 14) = 5:17; p < 0:05]???
?????????????????????????????????? [F (1; 14) =
10:04; p < 0:01]?????????????????????????????????
?????????????? [F (1; 14) = 8:051; p < 0:05]?????????????
?????????????/??????????????????????????
?????
N2
???? 180?260ms???????? 6?? [5, 6(FCz), 11(Fz), 12, 15, 16(AFz)]??
??? 6.5??N2????????2???????????????????
????? N2?????????????? [F (1; 14) = 8:321; p < 0:05]?????
????????????????????????????????????????
???????????????? N2??????????????????????
?????
P3
???? 400?600ms???????? 6?? [31, 54, 55(CPz), 79, 80, 129(Cz)]???
?? 6.5??P3?????????2???????????????????
???????????????? [F (1; 14) = 17:43; p < 0:001]?????????
??????????? P3???????????????????????????
?????????????? P3 ???????????????????????
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6.4 ??
??????????/????????????????????????????
?????? 4??????????-????????-???????-???????-
????????????????? ERP????????????????????
????????/???????????????????????????????
?????????? ERP?????P1?N170?P2?N2?P3???????????
?????????? 6.2?????????????????????????????
?????????????????????? N170???????????????
???????
?????????????????? N170?P2?N2?P3???????????
????????????????????????????????????????
????P3??????????????????????????/????????
???? [63, 64, 65]???????????? P3?????????????????
??????????????????????????? [63, 64]????? P3??
??????????????????????P3????? P2? N2???????
????????????????????????????????????????
??????? Stekelenburg? [121]???????????????????? 200ms
??????????????? [122]??? 200ms???????? P2? N2???
??????????????????????????????
???????P2??????????????????????????????
?????140?180ms?????? N170?N2????????? ERP??????
???????????? [63, 64, 65]??????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????-??-??????????????? [123, 115, 114]?????????
??????????????????????????? ERP??????????
?????????????????????????????????? ERP???
?????????????????????
??????????????/?????????? N170????????????
???????????????????????????? N170?????????
??????????????????? N170??????????????????
?????????????????? N170???????????????????
68 ? 6? ??/??????????????????
????????????????????????????????????????
???????????????????????????? N170?????????
??????????????? [39]???????????????????????
???????? N170????????????????? N170?????????
????????????????????????????????? [10]????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????? [124]??????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????
???????????????????????????????????????
???????? N170?????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????? N170????????
???????? [125, 126]???????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????? ERP
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
? ERP??????????????????????????????
6.5 ?????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????? ERP???????????????????????????
????????????????????????????????????????
??????????????
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???????????????????????????????????????
????????????????????????????????????????
???????????? [16, 17, 18, 19]?????????????????????
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7.5A????????-?????????????  ??  ???????????
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?????? [F (2; 32) = 4:92; p < 0:05]?????????????? PSE ????
????????????????????????? [? < ?: p < 10 4; ? < ??:
p < 0:01]??????????????????????????? PSE??????
[? > ??: p < 0:05]?????????????  ???????????????
[F (2; 32) = 4:5; p < 0:05]?????????????? PSE????????????
????????????????? [? <?: p < 0:05;? <??: p < 10 4]????
???????????????????? PSE?????????? [p > 0:08]??
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????????????????????????????????????? PSE
??????? [? vs. ??: p > 0:3]?? 7.5B???????????????????
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????
??-???????????????? [F (1:96; 33:24) = 6:6; p < 0:005]????
??????????????????????? [? < ??: p < 0:05]?? 7.12A??
??????????????? [F (2:56; 43:56) = 16:22; p < 10 4]??????? 
???????????? [F (6:66; 113:25) = 6:91; p < 10 4]????? 4 ?????
?????????? [?? 7, 9: p < 10 4;?? 0, 8, 10; p < 0:005;?? 2: p < 0:01;?
? 1, 3, 5, 6: p < 0:05; ?? 4: p > 0:3]??????????????????????
???????????? 7.1???? 7.7A???????????????????
????????????????????????????????????????
????????????????????????????????
???-???????????????????????????????????
? [F (1:17; 29:80) = 22:50; p < 10 4]???????  ????????????
[F (8:33; 141:58) = 4:48; p < 10 4]????? 0, 1, 2, 3, 6, 9, 10 ??????????
??? [?? 0: p < 10 4;?? 1, 3; p < 0:005;?? 2: p < 0:01;?? 6, 9: p < 0:05;?
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